Objective: We examine race/ethnic, gender, and age differences in telomere length (TL) within a diverse, nationally representative sample of older adults. Method: Data come from 5,228 White, Black, and Hispanic respondents aged 54+ in the 2008 Health and Retirement Study. TL was assayed from saliva using quantitative polymerase chain reaction (qPCR) by comparing telomere sequence copy number with a single gene copy number (T/S ratio). Linear regression was used to examine TL by race/ethnicity, gender, and age adjusting for social, economic, and health characteristics. Results: Women had longer TL than men (p < .05). Blacks (p < .05) and Hispanics (p < .10) had longer TL than Whites. Black women and men had the longest TL relative to other groups (p < .05), while White men had the shortest TL (p < .05). Black women and Hispanic men showed greater differences in TL with age. Discussion: Findings indicate social patterns in TL by race/ethnicity, gender, and age among older adults do not reflect differences observed in most population health outcomes.
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biomarkers of aging, health disparities, minority aging, accelerated aging, social epidemiology Background Biomarkers of aging, which are biological indicators of the progression of the aging process, are increasingly being used to identify individuals at greater risk of developing age-related diseases and functional impairment. In addition, biomarkers are useful tools to gain insights into the underlying social and biological processes driving differences in health risks across the adult life span. Biomarkers of aging are particularly useful for identifying populations at risk of premature aging, even prior to the onset of disease and disability (Worthman & Costello, 2009 ). Previous research suggests social differences in health at older ages may be the result of accelerated biological aging among certain subgroups of the U.S. population (Levine & Crimmins, 2014) . Ideally, biomarkers of aging help to characterize accelerated biological aging, yet we are still hunting for biological markers that reliably index how fast the process is unfolding. One potential aging biomarker that may inform our understanding of population-level group differences in health and aging among older adults is telomere length (TL).
Telomere shortening is recognized as fundamental to the human aging process, and TL is hypothesized to be a biomarker of aging. Telomeres are repeating DNA sequences that cap the ends of chromosomes and gradually shorten with age. This shortening has been linked to biological and genetic factors of aging including oxidative stress, inflammation, chronic disease, cellular senescence, and mortality (Bakaysa et al., 2007; Blackburn, 2000 Blackburn, , 2005 Brouilette, Singh, Thompson, Goodall, & Samani, 2003; Fitzpatrick et al., 2007; Needham et al., 2013; Sanders et al., 2012; von Zglinicki, 2002; Willeit et al., 2010) . Some studies, however, find no association between TL and mortality (e.g., Harris et al., 2006) . Prior researchers have suggested TL is a measure of biological weathering and accelerated aging, two processes argued to be key factors in producing population-level race/ethnic, gender, and socioeconomic health disparities (Geronimus et al., 2010; Geronimus et al., 2015; Sanders et al., 2012) .
The value of TL as a biomarker of aging, and in particular as a biomarker that can be used to describe and explain social differences in aging trajectories among older adults, is unclear. Evidence for gender and race/ethnic differences in TL is based primarily on data from younger adult populations and is mixed. For instance, a meta-analysis of 32 studies concluded that women had longer TL than men (Gardner et al., 2014) . Yet, some studies have reported longer TL in men (Adams et al., 2007; Martin-Ruiz et al., 2011) , or no gender differences in TL (Hunt et al., 2008; Needham et al., 2013; Shiels et al., 2011) . There is a similar lack of consensus on race and ethnic differences in TL. In studies that consider race differences in TL, several report longer TL in African Americans compared with Whites (Adler et al., 2013; Hunt et al., 2008; Needham et al., 2013) , but at least two studies report shorter TL in African Americans (Diez Roux et al., 2009; Geronimus et al., 2010) . Only three studies, to our knowledge, have examined TL in Hispanics; one study found Hispanics had shorter TL compared with Whites (Diez Roux et al., 2009) , while two others reported no difference (Geronimus et al., 2015; Needham et al., 2013) . There may be important race-by-gender differences in TL as well. One study, for instance, found that gender differences were only present in African Americans (Needham et al., 2013) .
Nearly all of the prior studies examining sub-group differences in TL use select populations that may not reflect the gender and race/ethnic differences present in the broader U.S. older adult population. The lack of nationally representative data is particularly problematic for understanding racial and ethnic differences in TL, as these differences may vary across geographic contexts (Adler et al., 2013; Diez Roux et al., 2009; Geronimus et al., 2010; Geronimus et al., 2015; Hunt et al., 2008) . The one study that examined TL differences in national data on U.S. adults did not focus on older adults specifically (Needham et al., 2013) . The objective of this study is to determine whether there are gender and race/ethnic differences in TL in a national sample of older adults, and whether these differences vary with age. Examining TL in older adults is of particular importance because TL is hypothesized to be a biomarker of cellular aging that can be used to predict both health span and life span in older adults and explain environmentally induced differences in rates of aging. Based on previous research using national data on adults (Needham et al., 2013) , we expect that (a) women and men will have similar TL, (b) Blacks will have longer TL than Whites, (c) Hispanics will have similar TL as Whites, and (d) TL will be shorter at older ages.
Data and Measures
We use data from the 2008 wave of the nationally representative U.S. Health and Retirement Study (HRS) . In 2008, a random one half of sampled households were selected to receive an Enhanced Face-to-Face (EFTF) Interview, which included collection of saliva. Of those selected for the EFTF, 85% of respondents consented to providing saliva. The completion rate among those who consented was 99%, for an overall completion rate of 84% (HRS, 2013).
We restrict our analyses to 5,392 age-eligible respondents. We excluded 79 respondents who did not identify as White, Black, or Hispanic and 33 respondents with TL values greater than four standard deviations from the mean. We excluded an additional 52 respondents who had missing information on other analysis variables. The final analytic sample consisted of 5,228 community-dwelling adults aged 54 and older.
Telomere Length
TL is measured from buccal cells in saliva, which is highly correlated with blood leukocyte TL (r = .72), a measurement of TL that is frequently used in other studies (Mitchell et al., 2014) . Saliva was collected using an Oragene Collection Kit, and all samples were stored in their original plates at −80°C. TL assays were performed by Telome Health (Aviv et al., 2011; Cawthon, 2002; Telomere Diagnostics, n.d.) using quantitative PCR (qPCR), a wellvalidated and now widely accepted technique to measure TL, by comparing telomere sequence copy number in each respondent's sample (T) to a singlecopy gene copy number (S), resulting in a T/S ratio (Aviv et al., 2011; Cawthon, 2009) . DNA samples were assayed in 96 well plates. The HRS took effort to minimize experimental variability by testing coefficient of variation (CV) for each sample based on three runs (three pairs of T and S runs) for Plates 2 to 9, 11, and 13 and based on two runs for Plates 1, 10, and 13 to 64. Samples that had smaller than 12.5% CV were considered pass, and samples with greater than 12.5% CV were reassayed (overall pass rate > 98%). In addition, the HRS provides plate numbers to account for this variation in plate assay and dilution methods (HRS, 2013).
Measures
Our main variables of interest are age, gender, and race/ethnicity. Age was measured in years. Gender is a dichotomous variable with males treated as the reference. Race/ethnicity is a three-category variable representing non-Hispanic Whites, non-Hispanic Blacks, and Hispanics.
We include social and economic factors that might account for the race/ ethnic and gender differences in TL. Educational attainment was measured using number of years of completed education and categorized as less than 9 years, 9 to 11 years, 12 years, and 13 or more years. Total household income and wealth (assets minus debts) are categorized into quartiles because these variables were highly skewed. Marital status was categorized as married/partnered, divorced/separated, widowed, and never married. Employment status is a dichotomous variable indicating whether the respondent was employed.
Because some studies have found that shorter TL is associated with obesity (Kim et al., 2009; Valdes et al., 2005) , physical inactivity (Du et al., 2012; Ludlow & Roth, 2011) , smoking (Gardner et al., 2014; Valdes et al., 2005) , and chronic conditions, and because individual differences in health and health behaviors may account for race/ethnic and gender differences in TL, we include several key health measures in our analysis. Obesity is a dichotomous indicator comparing those with body mass index (BMI) of 30 and above with those with BMI less than 30. We used self-reports of frequency of moderate or vigorous physical activity in the past 12 months to create a dichotomous indicator of physical inactivity, representing those who engaged in activity less than twice a week. Smoking status was categorized as never, former, or current smoker. We also include a summary measure of chronic disease burden (range = 0-6), which sums the number of doctor-diagnosed self-reports of six major chronic conditions and diseases-hypertension, heart disease, diabetes, cancer, stroke, and lung disease (not including asthma)-that are among the leading causes of death and disability among older U.S. adults.
Analytic Strategy
Our measure of TL is approximately normally distributed. We used ordinary least squares (OLS) regression models to examine age, gender, and race/ethnic differences in TL. We first present an initial model with only these demographic characteristics. We then include in subsequent models social, economic, and health characteristics to determine whether race/ethnic and gender differences are attributed to other factors related to TL. To determine whether there are differences between all race/ethnic and gender groups, we also conducted pairwise comparisons using Stata's pwcompare command. We then examined race/ethnic and age differences in TL in models stratified by gender. Using estimates from the gender-stratified models, we plot values of TL for each race/ethnic group by age for women and men. We also include unadjusted means by age (calculated using a 3-year moving average) for comparison with the predicted values from the fully adjusted model. All analyses were adjusted for the plate numbers used to assay TL based on the six different dilution factors (HRS, 2013) and were weighted to correct for differential probability of selection and non-response. Analyses were performed using Stata Version 13. Table 1 describes the distribution of TL and covariates in the full sample by race/ethnicity. On average, Whites were older, had higher education, and had higher levels of income and wealth relative to Blacks and Hispanics. The proportion of obese, inactive, and current smokers was higher among Blacks Table 2 shows multivariate models of race/ethnic, gender, and age differences in TL. Model 1 shows that TL was shorter at older ages (β = −0.004, p < .001), women had longer TL than men (β = 0.026, p < .05), and both Blacks (β = 0.118, p < .001) and Hispanics (β = 0.040, p < .10) had longer TL than Whites. Model 2 adjusts for marital status, education, employment status, income, and wealth. Age and gender differences in TL were largely unchanged. The differences between Whites and both Blacks (β = 0.124, p < .001) and Hispanics (β = 0.047, p < .05) remained, and were slightly larger after including social and economic factors. Model 3 further adjusts for smoking, obesity, physical inactivity, and chronic conditions. The age and race/ethnic differences were relatively unchanged with the inclusion of health and health behaviors, but the size of the gender difference was reduced and no longer statistically significant.
Results
To show differences in TL among all race/ethnic and gender groups, we also conducted pairwise comparisons of all race/ethnic and gender combinations. Table 3 shows predicted TL by race/ethnicity and gender, accompanying confidence intervals, and tests of difference from other groups. Controlling for age, we found that Black women (M = 1.46, p < .05) and men (M = 1.43, p < .05) had longer TL than White and Hispanic men and women. Black women had longer telomeres than all other groups (p < .05), except Black men. White men had the shortest TL than any other group (M = 1.32, p < .05), except Hispanic men. Race/ethnic and gender group differences were largely the same after adjusting for marital status, employment status, SES, health, and health behavior characteristics in subsequent models. However, after accounting for differences in chronic conditions and health behaviors in Model 3, the differences between White men and women and Hispanic men and Black women were no longer statistically significant. We next assessed age differences in TL by both gender and race/ethnicity. Age differences by race/ethnicity are presented separately for women and men in Table 4 . Model 1 includes age, race/ethnicity, and Model 2 adds interactions between age and race/ethnicity. All models are adjusted for individual social, economic, health, and health behavior characteristics. Results from Model 1 for women show TL shortened with every 1-year increase in age (β = −0.004, p < .001). Interactions between age and race/ethnicity suggest an even larger decrease in TL with increasing age among Black women (β = −0.005, p ≤ .10). Age patterns in TL did not differ between White and Hispanic women; the interaction between age and Hispanic ethnicity was small and not statistically significant. The overall age pattern shown in Model 1 was similar for men (β = −0.005, p < .001), but interactions between age and race/ethnicity in Model 2 show Hispanic men have a sharper decline in TL across age relative to White men (β = −0.014, p ≤ .001) and relative to Black men (Adjusted Wald test, p < .05). There were no age differences between Black and White men. Results were the same in models with no adjustment for socioeconomic factors, health characteristics, or behaviors.
To visualize the age patterning in TL by gender and race/ethnicity, we plot predicted values from Model 2 for both men and women. Figure 1 shows both unadjusted means (using a 3-year moving average) and the fully adjusted predicted TL values by age for women (Panel a) and men (Panel b). TL is shorter at older ages for all race/ethnic and gender groups. The gap in TL length between Black and White women is slightly reduced at older ages. Although Hispanic men have longer TL than White men at younger ages, this gap narrows at older ages, and there is some indication that at the oldest-old ages, Hispanic men have shorter length than both White and Black men.
The purpose of this study was to examine differences in TL by race/ethnicity, gender, and age in a racially and ethnically diverse population of older U.S. adults. We found that women had longer TL than men, which is consistent with most of the literature examining gender differences in TL (Gardner et al., 2014) . This gender difference was attenuated after accounting for differences in chronic conditions and health behaviors, suggesting women's advantage in TL may be the result of gender differences in smoking, sedentary behavior, obesity, and chronic conditions. The only other study using nationally representative data similarly found gender differences were attenuated in fully adjusted models (Needham et al., 2013) . We also found that Blacks had longer TL than Whites, confirming a pattern that has been reported in several other studies of race differences in TL (Adler et al., 2013; Hunt et al., 2008; Needham et al., 2013; Zhu et al., 2011) . In addition, our results show Hispanics had longer TL than Whites, though this difference was only marginally statistically significant. Prior studies have reported shorter TL in Hispanics compared with Whites (Diez Roux et al., 2009), or have found no difference (Geronimus et al., 2015; Needham et al., 2013) . The discrepancy between our study findings and previous research may reflect differences in study populations; in contrast to previous studies, we use national data on older adults and do not include younger Hispanics.
We also found race/ethnic differences in TL by both gender and age. Hispanic men had a sharper decline in TL across age relative to White men and other race/ethnic and gender groups. Diez Roux and colleagues (2009) also examined age differences by race/ethnicity in a sample of adults aged 45 and older but did not find differences in age patterns for Hispanic men as we did. This disadvantage in TL among older Hispanic men is counter to the Note. Figure 1 shows both smoothed raw data (using a 3-year moving average) and predicted telomere length by race/ethnicity across age for women and men separately. Predicted values (from model estimates; Table 4 , Model 2) of telomere length by age come from genderstratified models with interactions between race/ethnicity and age adjusting for SES, marital status, employment status, health, and health behaviors. Means are weighted.
relative health advantage known to be characteristic of Hispanic health in late life. Hispanics, despite having lower SES, have lower mortality rates for cancer, cardiovascular disease, and all-cause mortality compared with Whites, especially among middle to older age groups, contradicting the steeper decline in TL among older Hispanic men (Markides & Coreil, 1986) .
We also found Black men and women had the longest TL relative to all other groups. Differences between Blacks and other groups were largely unchanged after accounting for differences in sociodemographic characteristics, socioeconomic status, chronic conditions, and health behaviors. Moreover, Blacks had longer TL relative to Whites and Hispanics across age. Our findings also suggested, however, that TL among Black and White women was more similar at the oldest ages than at younger ages. One prior study found Black women had, on average, shorter TL than White women at older ages, but also found Black women had a steeper decline in TL across age (Diez Roux et al., 2009) . Most studies to date, however, have reported longer TL in Black women compared with White women (Hunt et al., 2008; Needham et al., 2013; Zhu et al., 2011) .
Prior theory and empirical evidence would suggest Blacks experience accelerated aging and higher mortality and morbidity rates (Geronimus et al., 2010; Levine & Crimmins, 2014) and thus would also have shorter TL in older age as a result of a lifetime of biological weathering. Yet, in the current study, Blacks have an advantage with respect to TL. One potential explanation is that the greater mortality selection among Blacks means Blacks who survive to older age are healthier and more robust, which may be reflected in longer TL. It is also possible that Blacks, and Black women in particular, are born with longer TL and as a result may have longer TL over the life course. Prior research suggests females are born with longer telomeres and this may explain women's health advantage over men (Aubert, Hills, & Lansdorp, 2012) . Some studies have also shown Blacks to have longer TL at birth (Drury et al., 2015; Rewak et al., 2014) . Additional research has also shown that girls and Blacks maintain longer TL into adolescence relative to their male and White counterparts (Zhu et al., 2011) . Thus, our findings extend prior evidence of the Black advantage in TL to the older adult life course.
This study raises important considerations in research on disparities in TL. First, focusing on differences between race/ethnic groups may obscure important heterogeneity within race/ethnic groups. It has been suggested that ignoring this heterogeneity risks miss-estimation of race/ethnic differences in TL (Geronimus et al., 2015) . Second, our findings show Blacks have an advantage with respect to TL, but the rate of change (e.g., telomere shortening) may be a more relevant indicator of the wear and tear that results in accelerated biological aging (Aviv et al., 2009; Hunt et al., 2008) . Longitudinal data are needed to determine whether there are gender and race/ethnic differences in this rate of change. Third, the Black advantage in TL and the Hispanic male disadvantage at older ages do not reflect the social patterning in health that is typically observed in the U.S. population relative to their White counterparts. Thus, our findings on differences in TL in an older adult population are inconsistent with the theories and evidence on health disparities among older adults. This suggests there may be questionable value in TL as a biomarker of aging, and particularly as a tool for characterizing and understanding race/ethnic disparities in health at older ages. This is the first study to examine race/ethnic, gender, and age differences in TL in a racially, ethnically, and socioeconomically diverse sample of older U.S. adults; yet, this study has some limitations. First, we used crosssectional data and thus cannot study changes in TL with age. Although our findings suggest race/ethnic and gender differences vary across age, we do not know whether there is variation in TL shortening with age. Second, method-specific biases have been shown to matter for estimating gender and race differences (Elbers et al., 2014; Gardner et al., 2014) . For example, Southern blot has shown unequivocally that women have longer TL than men. This study uses qPCR, which has been shown to yield less consistent gender results across studies (Gardner et al., 2014) . Last, race/ethnic and gender differences in TL may vary by cell type making comparing across studies problematic. For example, TL from lymphocytes has been shown to be shorter than TL from granulocytes (Aviv, Shay, Christensen, & Wright, 2005) . Our TL data come from buccal cells in saliva, while other studies have used TL derived from blood leukocyte cells. However, TL from saliva has been shown to be highly correlated with blood leukocyte TL (Mitchell et al., 2014) .
The inclusion of biomarkers in sociologically driven population research has the potential to improve our understanding of the pervasive problem of health disparities. The recent emergence of TL in longitudinal, nationally representative, and diverse samples of older adults presents an opportunity to better characterize differences in health by social characteristics. Yet, the expanding use of TL in health disparities research has increased the need for a more precise understanding of what we are measuring and what TL tells us about the health and aging of diverse populations. Our findings indicate that social patterns in TL by race, gender, and age do not reflect differences observed in most other population health outcomes. This could be taken to suggest TL is not a biomarker of aging that identifies people at increased risk of disease, disability, and accelerated aging in late life across racially and ethnically diverse populations.
